A mutant of herpes simplex virus type 2 (HSV-2), which is temperature-sensitive (ts) for the induction of an alkaline DNase activity, was examined at a number of different temperatures. Induction of DNase activity by this mutant resembled that of wild-type (wt) virus at 31 °C but was greatly reduced at 38.5 °C and barely detectable at 39.2 °C. Virus DNA synthesis showed similar patterns, exhibiting wt levels at 31 °C, reduced levels at 38.5 °C and very little incorporation at 39.2 °C. Similarly, virus growth in cells infected with this mutant was equal to that of wt at 31 °C, slightly reduced at 38-5 °C but considerably reduced at 39.2 °C. Marker rescue of the ts DNase lesion restored wt levels of virus DNase activity, of virus DNA synthesis and of virus growth, thus providing direct evidence that HSV DNase activity is essential for virus replication.
Short communication
. At 2 h intervals after infection extracts were prepared and assayed for alkaline DNase activity (a, b, c) . No measurable activity was detected in mock-infected cell extracts at any temperature. Virus DNA synthesis (d, e, J3 was measured in successive 2 h periods by labelling with 30 gCi [3H]thymidine (sp. act. 25 Ci/mmol) starting at hours 1 to 3 and finishing at hours 11 to 13 post-infection. Virus DNA was separated from host DNA by CsC1 density gradient centrifugation.
used was the parental HSV-2 strain HG52; the HSV-1 wt was strain 17. Cell extracts were prepared and assayed for the induction of DNase activity exactly as described previously (Francke et at., 1978) . The marker rescue experiments were performed as described previously (Moss et al., 1979) except that transfection was carried out at 37 °C rather than 38 °C, During the examination of tsl3 and 4-8, it became clear that slight variations in the incubation temperature had a marked effect on the level of virus-induced DNase activity in infected cells. To study the extent of this effect, the level of DNase activity was measured at various times post-infection in cells infected with HG52, tsl3 or 4-8 at three different temperatures (31 °C, 38.5 °C and 39.2 °C) ( Fig. 1 a to c) . In HG52-infected cells (Fig. 1 a) , the level of DNase activity increased linearly at all three temperatures throughout the first 10 h of infection. However, the rate of increase of DNase activity differed depending upon the temperature of incubation, being highest at 38.5 °C and lowest at 39-2 °C. At 31 °C, there was little or no difference in the pattern of induction of DNase activity in cells infected with HG52, 4-8 (Fig. 1 b) or tsl3 (Fig. 1 c) but at 38.5 °C, in contrast to wt infection, the level of DNase activity in cells infected with 4-8 and tsl 3 increased only until about 4 h post-infection and then declined; furthermore, the activity found was significantly below that of wt-infected cells at all times. At 39.2 °C, only very low levels of virus DNase activity could be detected in 4-8-or tsl 3-infected cells at 2 h whereas virtually none was found at any later time.
Preliminary experiments using cells infected with tsl3 or 4-8 had indicated that both synthesized lower amounts of virus DNA at 38 °C than at 31 °C whereas wt virus synthesized comparable amounts at each temperature (Moss, 1982; Francke & Garrett, 1982) . In view of the In wt-infected cells, virus DNA synthesis commenced between 3 and 5 h after infection at 31 °C and reached a maximum between 5 and 7 h ( Fig. 1 d) ; at 38-5 °C, virus DNA synthesis had already started between 1 and 3 h post-infection and increased rapidly to a peak between 5 and 7 h which considerably exceeded the peak amount at 31 °C; at 39.2 °C, DNA synthesis was at a higher level between 1 and 3 h post-infection than at 38.5 °C, but the maximum level, reached between 3 and 5 h, was lower than at the other two temperatures. In 4-8-infected cells at 31 °C, virus DNA synthesis had already commenced by 3 h post-infection ( Fig. 1 e) and reached a peak level between 5 and 7 h which was similar to that after wt infection; at 38.5 °C, 4-8 DNA synthesis was considerably higher than at 31 °C by 1 to 3 h post-infection and peaked between 3 and 5 h, thereafter declining rapidly to almost zero by 7 h post-infection. In contrast to the wt situation, the total amount of virus DNA synthesis was reduced compared to that at 31 °C. The pattern at 39.2 °C resembled that found at 38-5 °C but the peak level, which had already been attained between 1 and 3 h, was considerably lower and virus DNA synthesis had virtually ceased by 5 h post-infection. The pattern of virus DNA synthesis in tsl3-infected cells essentially resembled that in 4-8-infected cells at all three temperatures (Fig. l f) .
Virus DNA synthesis during 2 h labelling periods ( Fig. 1 d to f) can be contrasted with the level of virus-induced DNase activity present, measured at 2 h intervals ( Fig. la to c) . At 39-2 °C, and to some extent also at 38.5 °C, the DNase activity induced after infection of cells with tsl 3 or 4-8 was only present in any significant amount at early times. Although the levels of DNA synthesis do not directly correlate with those of DNase activity (e.g. at 31 °C, virus DNase activity increased throughout the period of infection whereas virus DNA synthesis reached a peak level at an early time and then declined), there is clearly a relationship between the patterns obtained for DNase activity and DNA synthesis at the three temperatures.
In view of the very low levels of DNase activity and also of virus DNA synthesis in cells infected with 4-8 at 39.2 °C, the ability of 4-8 to grow at this temperature was compared with that of HG52. The efficiency of plaquing (e.o.p.) of the wt was similar at 39.2 °C and 31 °C but the 38.5 °C titres were slightly higher (Table 1) . With 4-8, the e.o.p, at 38.5 °C was tenfold lower than at 31 °C, but at 39.2 °C there was a dramatic, greater than 1000-fold, reduction in titre (Table 1) . Thus, at 39.2 °C, in the virtual absence of HSV-induced DNase activity (Fig. 1 b) , virus growth was also essentially blocked. Furthermore, the 4-8 plaques which were observed at 39.2 °C were very small compared to plaques at 31 °C, suggesting that they probably resulted because of leakthrough of the mutant gene product. This temperature-dependent difference in plaque size was not observed with HG52.
To determine whether or not the observed effects were consequences of the nuclease lesion of 4-8, marker rescue experiments were performed using the cloned HSV-1 wt EcoRI d fragment which Preston & Cordingley (1982) Francke & Garrett (1982) showed that both tsl 3 and 4-8 induced levels of DNA polymerase activity at 38.5 °C which were greatly reduced compared to those of wt. To determine if rescue of the DNase activity resulted in wt levels of DNA polymerase activity, induction of DNA polymerase activity in R13 (4-8) 8-3-infected cells was measured at 8 h post-infection (Table 2d) . The results showed a close correlation between the induction of DNA polymerase and DNase activities which indicates that the temperature sensitivity of the tsl 3-and 4-8-induced DNA polymerase activities is a consequence of the DNase defect in these viruses.
Previous studies have shown that partially purified DNase from cells infected with tsl 3 or 4-8 is thermolabile in vitro at 45 °C (Moss et al., 1979) . Analogous experiments with the intertypic recombinant, R13 (4-8) 8-3, demonstrate that rescue of the DNase lesion resulted in the induction of DNase activity which resembled wt virus in thermostability (Fig. 2) .
To confirm that the above results were a consequence of rescue of the ts DNase lesion by HSV-1 EcoRI d, the polypeptide profiles of cells infected with R13 (4-8) 8-3, HSV-1 wt or HSV-2 wt and labelled with [35S]methionine were compared by polyacrylamide gel electrophoresis (Fig.  3) . It is clear from these profiles that R13 (4-8) 8-3 induced a band of 85K which co-migrated with that of HSV-1, both of which migrated distinctly more slowly than the corresponding HSV-2 band of 84K (Marsden et al., 1978) .
Since the only known mutation in 4-8 affects DNase activity, an association between virus DNA synthesis and the induction of DNase activity must be inferred. Our previous study with 4-8 established that the mutation affecting virion thermostability was responsible for the inability of tsl3 to grow at 38 °C (Moss et al., 1979) . Although virion thermostability had been Partially purified extracts of HG52-, 4-8-and R13 (4-8) 8-3-infected cells were incubated at 45 °C as described previously (Francke et al., 1978) at pH 7.5 in the presence of native calf thymus DNA. At various times, from 0 to 120 min, samples were removed and chilled on ice. After removal of the 120 min sample, all samples were assayed for DNase activity. The 100~ value for each extract is the activity at 0 min of incubation at 45 °C. II, HG52, 0, 4-8; O, R13 (4-8) 8-3. regained by 4-8, the ts DNase lesion of its parent mutant, tsl 3, was retained. This led Moss et al. (1979) and Francke & Garrett (1982) to conclude that the DNase activity was non-essential for virus growth. It was suggested previously (Moss et al., 1979) that this enzyme activity might resemble the HSV-specified thymidine kinase activity which is non-essential for virus growth in rapidly growing BHK-21 cells but is essential for growth in serum-starved 'resting' cells (Jamieson et al., 1974) . However, Moss et al. (1979) and Francke & Garrett (1982) conceded that the small amounts of residual DNase activity induced by tsl 3 and 4-8 at 38 °C might have been sufficient for normal virus growth. The results presented here demonstrate that it was this residual enzyme activity which allowed normal replication of 4-8 at 38 °C. The experiments with 4-8-infected cells make it clear that only a fraction of the DNase activity present in wt-infected cells is necessary to allow normal virus growth and that leak-through of DNase activity at 38 °C obscured, in our previous studies, the essential nature of this enzyme. When the temperature of incubation of tsl3-and 4-8-infected cells was increased to 39.2 °C, virtually no virus DNase activity was induced apart from low levels at very early times after infection and this was accompanied by substantial reduction in virus D N A synthesis and dramatic loss of virus growth in cells infected with these mutants. The small amounts of virus D N A synthesis observed took place only at early times after infection when low levels of induced DNase activity were detected. Thus, at 38 °C and 38.5 °C, both tsl3 and 4-8 are only partially temperature-sensitive for the induction of DNase activity and synthesis of virus D N A , but at 39-2 °C, enzyme induction and D N A synthesis are both blocked to a far greater extent. Francke & Garrett (1982) observed a 16-fold reduction in titre of 4-8 in cells infected at 38-5 °C compared to 31 °C: this Short communication result is in agreement with the tenfold reduction in titre found in the present study (Table 1) . However, Francke & Garrett (1982) did not check 4-8 at temperatures higher than 38.5 °C and thus failed to observe the considerable reduction in titre (> 3360) at 39.2 °C (Tabie I). The present study shows that marker rescue of the 4-8 ts lesion with HSV-1 EcoRI d results in wt levels of DNase activity, virus DNA synthesis and virus growth in cells infected at 39.2 °C. Furthermore, infection of cells with stocks of the rescued virus results in the induction of DNase activity which exhibits thermostability in vitro resembling that of the wt virus and has the expected HSV-1 DNase migration behaviour. This demonstrates for the first time that the HSV DNase activity provides an essential function for HSV replication.
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